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THREE GENERATIONS 
OF EAR PITS 


Frontispiece 


I. The left ear of the grand- 
father showing pit somewhat 
closed. II. The left and right 
ears of his son with pits well 
developed. III. Left ears of 
the four children of the son, 
three showing the pit. In in- 
heritance the pit behaves as aa 
irregular dominant, for in 
some cases parents who do 
not have the pit transmit it 
to their descendants. The pit 
is due to a failure to fuse of 
two embryonic tubercles 
which make up the human ear. 
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THREE GENERATIONS OF EAR PITS 


Davin D. WHITNEY 
Department of Zoology, University of Nebraska 
Lincoln, Nebraska 


DETAIL OF EAR PiT 
Figure 1 
A larger view of the left ear with pit of the son 
shown in the Frontispiece as II. The pits occur more 
frequently in the left ear than in the right 


N THE early stages of the human 
embryo the components of the ex- 
ternal ear appear as several tu- 
bercles. Later these fuse to form the 
ear. In a few families tubercles 2 and 
3 seem to fail to fuse completely, thus 
leaving a slight opening or pit at the 
proximal end of the upper part of the 
helix. Kindred has traced the inher- 
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itance of this pit in the left ear through 
four generations. In cases where one of 
the parents had the pit some of their 
children possessed it; in other cases, 
however, in which neither parent pos- 
sessed it some of the children also had 
the pit—thus showing an irregularity in 
its appearance. 

Ear pits in one or both ears in both 
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B @ pit present in both ears 
OB Pit present in right ear 


OO Pit absent in both cars 
@ @ O« O O 


OO Pi present in left car 
Illustrated in Frontispiece 


INHERITANCE OF PITS 
Figure 2 
Generation-I, parents without ear pits; generation-II, two sons (3 and 6) with a pit 
in left ear; generation-III, one son of II-3 with pit in left and right ear. In generation-I1V 
one daughter (IV-1) had a pit in left ear; a daughter and a son had a pit in both ears; 


and one daughter had normal ears. 
his parents nor his grandparents had pits. 


A cousin (IV-6) had a pit in his right ear; neither 


sexes have been found in another family, 
and as individuals of three generations 
are living, photographs have been made. 
Many of the affected individuals have 
the pit in the left ear and some in both 
ears but one individual has the pit in 
only the right ear. The grandfather, 
Figure 3 (II-3) having only the left ear 
pitted, has three children (III-1, 3, 4), 
one son and one daughter without pits 
and one son with pits in both ears. This 
son has four children (IV-1, 2, 3, 4), 
one daughter with a left pit, one daugh- 
ter and one son with pits in both ears 
and one daughter free from pits. 

In this particular family the presence 
of ear pits behaves as a simple dominant. 


A relative without pits, however, in an- 
other branch of this family, Figure 2 
(III-5), has a left-handed son (IV-6) 
with a pit in only his right ear. This 
skipping of several generations may in- 
dicate that there are modifying genes in- 
volved or the possibility that the gene 
for pits mutates frequently in this fam- 
ily. 

These observations corroborate the 
findings of Kindred and in addition 
show that the pit may occur very fre- 
quently in both ears and in both sexes. 
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Who Discovered the Dominant Black Rabbit? 


To THE Epitor: 

My friend, Richardson, an authority in his 
own right on the genetics of rabbits, is quite 
correct in saying (under the above heading, 
in the May number of the JourRNAL) that 
Punnett, not I, discovered dominant black. I 
am grateful to him for pointing out the error. 
It probably arose from the fact that in my 


little book summarizing knowledge of rabbit 
genetics as it then existed, I did not (for the 
sake of brevity) go into the history of the in- 
dividual discoveries. This has been done ade- 
quately by Nachtsheim in a subsequent pub- 
lication. 
W. E. Caste 

University of California 
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INHERITANCE OF HORNS IN SHEEP 


Triple Alleles in a Dorset-Rambouillet Cross 


Bb. L. Warwick anp P. B. DUNKLE* 
Agricultural Experiment Station, A. and M. College of Texas 
HORNED HORNLESS 


MERINO-RAMBOUILLET HORNS 
Figure 3 

A—Merino ram showing typical horns of the Merino-Rambouillet type. This is the reces- 
sive of a series of triple alleles, designated hh. A Rambouillet ram homozygous for hornlessness 
(HH) is shown at B. In females of the Merino group the horns are almost completely sup- 
pressed. C shows a “horned” Rambouillet ewe (ih), with wool clipped to show the knobs, 
which sometimes break through the skin to form scurs. The hornless ewes (HH or Hh) have 

actual depressions instead of either knobs or scurs, as shown at D. 


AMS of many breeds of domestic proach in size those of the Argali and 
sheep have horns. The horns Rocky Mountain Bighorn wild species. 
of some are relatively small, Rams’ heads of these wild species have 

while others are very large and ap- been among the most coveted trophies 


*The authors wish to acknowledge the cooperation of Mr. Dantes Reiley, Sonora, Texas, 
who raised part of the lambs in this study. 
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THE DORSET HORN 
Figure 4 
In the Dorset Horn breed both sexes are horned. The ram has a much larger horn than 
the ewe. The genotype of these sheep is H’H’. Crosses of Dorsets and Merinos are shown in 
Figure 5. Photographs courtesy of the Continental Dorset Club. 


sought by big game hunters ever since 
the time of Marco Polo. One of the 
domestic breeds in which the rams have 
very large horns is the Dorset Horn 
which originated in Dorsetshire, Eng- 
land. In this breed the females also 
have horns, resembling in this respect 
most of the wild species. The horns 
ot females, however, when present in 
any breed or species, are always much 
smaller than those of the males. 

The Merino group (including the 
Rambouillet) is the most widely dis- 
tributed and the most numerous of the 
breeds or types of domestic sheep. In 
most strains of this type, the males 
have horns while the females are horn- 
less. These females have knobs which 
consist of protrusions from the skull 
resembling horn cores, except that they 
are usually less than an inch in height 
and are covered with skin. In some 
cases these have small horn-like cover- 
ings designated as scurs. These scurs 
are usually easily distinguishable from 
the horns of females of such breeds as 
the Dorset Horn because the scurs are 
small and irregular in shape. The 


Mouflon, which is one of the types of 
wild species represented in the ancestry 


of domestic sheep, also has horns on 
the males and knobs or scurs on the 
female. 

Many breeds of domestic sheep are 
hornless in both sexes. Representatives 
of these breeds are the Shropshire, 
Southdown, Cotswold, and Suffolk. 
These animals not only lack horns, but 
have depressions in the skull instead of 
horn cores such as found protruding 
from the skulls of the horned breeds. 
These depressions may be easily identi- 
fied on the living animal by examina- 
tion. There are also strains of Merinos 
and Rambouillets in which most of the 
rams are hornless, and most of the 
females have depressions instead of 
knobs or scurs. These will be referred 
to in a later portion of this paper. 

It is not surprising that when Men- 
delism was rediscovered, a study of the 
inheritance of horns should be one of 
the first such studies with mammals. 
Wood? ® reported in 1905 and 1909 the 
results of crossing the Dorset Horn and 
Suffolk breeds. On the basis of his 
carefully conducted experiments he in- 
terpreted the inheritance of horns as 
dominant in the male and recessive in 
the female. This early work established 
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DORSET x MERINO HYBRIDS 
Figure 5 

Hybrids show the interaction of the Dorset and Merino horn allels in crosses. .4 shows a 
backcross ewe, whose mother was a Rambouillet and whose sire was a hybrid Dorset « Ram- 
bouillet. Her genotype is H’h. B is an F; Merino & Dorset ewe (genotype H’h) showing 
typical Dorset horns. This cross is produced commercially in Pennsylvania and Ohio for the 
raising of hot-house lambs. Photo B courtesy Professor W. L. Henning of Pennsylvania State 
College. 


the main facts as to what takes place this case’ it becomes a question of in- 


in the F, and Fy. of this cross. How- 
ever, there have been differences of 
opinion as to the interpretation. His 
statement that horns are dominant in 
the male and recessive in the female is 
predicated on the occurrence of horns 
on the F,; males and on the males of 
the same genotype in Fy», while females 
of the same genotype are hornless. 
Wood recognized that his interpreta- 
tion of dominance in the male was 
based on meager evidence as he stated, 
“.. . it must be remembered that only 
one F,; ram was kept entire until adult 
and his horns never attained the size or 
shape of those of the parent Dorset 

.” Arkell! also reported horned F, 
rams when he crossed the Dorset Horn 
with hornless breeds, but the horns 
were smaller than those of the parent 
Dorset. Accordingly, the horns of F; 
rams approach the intermediate. Arkell 
proposed another hypothesis, involving 
a completely sex-linked inhibitor, which 
has since been discarded. Wood's in- 
terpretation has been generally accept- 
ed. However, when the F; phenotype 


approximates the intermediate. as in 


dividual preference, as to which par- 
ental type is considered dominant. 
Wood might well have considered 
hornlessness as dominant in both sexes, 
but with dominance incomplete in the 
male. We now have data which indi- 
cate that this is the valid interpretation. 

The F, ewes reported by Wood all 
had depressions such as are typical of 
the strictly hornless breeds. After they 
became two or three years old, how- 
ever, they threw up small scurs about 
one-half inch high. These scurs formed 
at maturity in the depressions are not 
to be confused with the typical knobs 
on the skulls of Merino and Mouflon 
ewes. 

In addition to the crosses of hornless 
breeds with the Dorset Horn reported 
by Arkell in 1912, his report included 
crosses of hornless breeds with Merinos 
and Rambouillets. He considered horns 
of the Merinos as dominant in the male 
and recessive in the female, but with 
less “potency” than in the Dorset. This 
was to account for the knobs or scurs 
of the Merino females instead of horns 
in the females as in the Dorset breed. 
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He also included a sex-linked inhibitor. 

In 1931 we® presented evidence that 
the horns of Rambouillet males and the 
knobs of the females were due to one 
principal pair of recessive genes. This 
was based on the crossing of purebred 
Rambouillet rams of a hornless strain 
with horned-bred Rambouillets. One of 
the rams proved to be homozygous for 
hornlessness. About half of his F;, 
progeny had scurs, but none had full 
size horns. Since then other homozy- 
gous rams have been identified by 
breeding tests®®. Also, segregation has 
been within normal expectations. The 
occurrence of some F, and other hetero- 
zygous rams which are completely free 
from any trace of horn or scur is sig- 
nificant. We are inclined toward the 
view that scurs may be due to addition- 
al minor genes, but our tests are not yet 
complete. The mono-factoral basis for 
the inheritance of hornlessness and 
horned in these stocks has been verified 
and will be reported in detail in another 
paper. Apparently the reason Arkell 
missed the correct interpretation was 
because of the extremely small number 
of F, males studied and to his consid- 
ering even the merest trace of scur as 
a horn. 

Merino ewes are frequently crossed 
with Dorset Horn rams in Pennsylvania 
and Ohio for commercial purposes.” 
The F; females are especially liked for 
the raising of so-called hot-house 
lambs. When the parental Merino ewes 
have knobs as is usual, the F; ewes all 
have horns rather than knobs like their 
mothers. Many such F,; ewes have been 
examined by the senior author. When 
homozygous hornless Rambouillet 
rams, such as those we identified by 
breeding tests or rams of pure hornless 
breeds as the Southdown or Shropshire 
are crossed with Merino or Rambouillet 
ewes, the F; female progeny are invari- 
ably hornless (with depressions). 

Accordingly, the two breeds or types. 
Dorset which is horned in both sexes, 
and Merino (which includes Rambouil- 
let) which has horns on the male but 
the corresponding females of which 
have knobs, when respectively crossed 
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with the pure hornless type, produce 
hornless (depression) female progeny 
in every case. When crossed with each 
other, they produce horned females like 
the Dorset parental type. These facts 
suggested the hypothesis that the genes 
for hornlessness, Dorset horns, and 
Merino horns constitute an allelic se- 
ries. In order to test this, we bred an 
F, Dorset K Rambouillet ram to Ram- 
bouillet and Merino ewes which had 
knobs. If the horns of these two breeds 
or types, Dorset and Merino (including 
Rambouillet), instead of being allelic 
were due to different pairs of genes, we 
would expect the Dorset to carry the 
genes for hornlessness which would be 
alleles of the genes for horns in the 
Merino and would expect the Merino 
to carry the genes for hornlessness 
which would be alleles of those for 
horns in the Dorset. It would then be 
logical to expect the F, females to be 
hornless rather than horned. Then the 
back-cross mentioned above should 
yield horned, knobbed and_hornless 
(depression) females in a 1:2:1 ratio. 
Ii the genes for hornlessness (#7), Dor- 
set horns (H’) and Merino (or Ram- 
bouillet) horns (/) are allelic, as postu- 
lated, the back-cross would yield fe- 
male progeny of only two phenotypes, 
horned and knobbed in 1:1 ratio. This 
was found to be the case. Forty-nine 


lambs, twenty-two of them females 
were raised. Eight were horned, 14 


were knobbed. This is within the nor- 
mal sampling range for 1:1 ratio’. 
None had depressions. All of the ram 
lambs were horned. Ewe lambs with 
depressions would have been expected 
on the basis of two pairs of genes. If 
it should be assumed that the 25 per 
cent which would have had depressions 
were missed by chance, the probability 
of this would be .0018 or only 18 
chances in ten thousand*. The above 
data are considered conclusive. 


Summary and Conclusions 


To test whether the genes for horn- 
lessness (#7), Dorset horns (H’) and 
Merino (and Rambouillet) horns (h) 
were allelic. one F,; Dorset Ram- 
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bouillet ram was back-crossed to Me- 
rino and Rambouillet ewes with knobs. 
Eight of the females progeny had horns 
like F,; Dorset & Merino ewes while 14 
had knobs like the Merino and Ram- 
bouillet ewes. None had depressions 
such as would be expected on the basis 
ot two pairs of genes. The genes H, H’, 
and h are considered to be multiple 
alleles. 
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BLOOD GROUPS A LA CARTE 


HERE have been several excellent 

summaries of present knowledge re- 
garding blood grouping, both text books 
and articles. The present volume* might 
therefore seem superfluous, were it not 
for the fact that it differs from all pre- 
ceding works in one important way. The 
material is presented almost entirely in 
tabular form, with a minimum of textual 
matter. Thus the important factual in- 
formation is readily available in compact 
concise form. The presentation is in 
three parts. The Introduction, with six 
tables, sets forth the plan of the work 
and outlines the various phases of the 
blood group problem. The General Part 
is concerned with the aspects of blood 
grouping other than anthropological. 
The Anthropological Part is devoted en- 
tirely to racial data. 

Sixty-four tables make up the General 
Part, ranging through such topics as the 
serologic basis for the groups, their in- 
heritance, their occurrence in various 
tissues, organs and species, the sub- 
groups, medico-legal applications, technic 
of testing stains, technic of studying 
mummies, and the relationship of the 
groups to disease. In the various topics 
are included the M-N type as well as 
the A-B groups. 

The Anthropological Part opens with 
a page of discussion. Then follow two 


maps, showing the gene frequencies of 
A and B, respectively, with contour lines 
drawn through points of equal gene fre- 
quency. A table is presented giving 
standard deviations of blood group fre- 
quencies. Three nomograms simplify the 
determination of gene frequencies and 
their standard deviations. The bulk of 
the presentation is given over to two 
tables, of the A-B groups and the M-N 
types, respectively, in which are listed 
geographically the results of studies on 
the various peoples of the world. These 
tables have been very carefully collected 
and put together, and should be of great 
value to geneticists and anthropologists. 
Approximately 1,00 separate listings are 
given in the A-B tests, and about 130 in 
the table of M/-N. Nearly 400 references 
are cited in the bibliography. 

The advantages of tabular presenta- 
tion of otherwise bulky material are 
readily apparent. The disadvantages, 
while not so apparent, are nevertheless 
real. There is no opportunity for dis- 
cussion, no possibility of critical evalua- 
tion, and no room for speculation. Much 
faith must be placed in the author in his 
choosing and selecting of material to be 
presented. In this case such faith seems 
wholly justified. 

Laurence H. SNYDER 
The Ohio State University 


The Hague (W. Junk). 


*Boyp, W. C. Blood Groups. Tabulae Biologicae vol. XVII, par 2. 
13 figures, 3 maps. 


128 pp. 73 tables, 


1939. 


LOCATION OF SPIRALLED HAIR FOLLICLES 
Figure 6 
This inherited abnormality of the skin (Keratosis Follicularis Spiralis) is manifested chiefly 
on the upper arms, and on the legs, thighs, and buttocks, affecting only the extensor surfaces. 
The bracket indicates the region on the arms in which the follicles are abnormal, producing a 
bumpy effect. The skin of the back and shoulders is normal. The subject shown here is II{-23 
in Figure 7, Family 4. 
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A NEW INHERITED SKIN DEFECT IN MAN 


Pedigrees of Two Families With a Sex-Influenced Hereditary Keratosis 
Follicularis Spiralis 


Mitton H. 


Carnegie Institution of Washington, Cold Spring Harbor, N. Y. 
Virginia Polytechnic Institute, Blacksburg, Va. 


EREDITARY keratosis (vari- hair follicles. The lesions are whitish in 


ously called keratoma, tylosis, 

lichen, etc.) has been described 
and recorded in many genetic sources. 
H. W. Siemans* worked out the inheri- 
tance of several keratosic conditions and 
found that there are a number of dis- 
tinct forms ranging in severity of symp- 
toms from keratosis in its most extreme 
form (K. follicularis) to normal skin. 
Medical studies by Schamberg,® Bulk- 
ley,” and Radcliffe-Crocker® record many 
of these transitional forms all under the 
heading of hypertrophies of epithelium, 
seemingly similar in nature, causes, treat- 
ment, and perhaps inheritance. In gen- 
eral Siemans says that the probability 
for polymeric causation does exist. How- 
ever, morphological and genetical investi- 
gations of many and varied skin ailments, 
indicate that in the types which are 
hereditary the genetic basis has usually 
proven to be rather simple—dominance 
or recessiveness with occasional sex-link- 
age. (See Table I.) : 

Although many similar conditions 
have been reported, Keratosis follicularis 
spiralis* has not been described medi- 
cally or genetically. It makes its appear- 
ance on the extensor surfaces of the arms 
and legs as a hypertrophic affection char- 
acterized by pinhead-sized epidermal ac- 
cumulations at the mouths of the hair 
follicles. The lesions consist of closely 
aggregated, pinhead-sized, conical eleva- 


color and are made up of epidermal cells 
and sebum. As a result of the cornifica- 
tion of the follicles, the growing hairs 
are unable to penetrate the surface of the 
skin. In spite of the adverse conditions 
for growth, the hairs do not perish 
but spiral about in the follicle while con- 
tinuing vegetative processes. The skin 
is rough and dry and has the appearance 
of “goose-flesh.” (See Figure 6.) 

The ailment differs from similar con- 
ditions (Lenz’s K. follicularis, Lichen 
pilaris, ete.) in that the hairs do not 
perish; the disease, beginning at about 
five years of age and climaxing at adoles- 
cence, does not regress but remains the 
same throughout adulthood; horny no- 
dules are formed; white scars do not re- 
place the cornified areas; there are no 
pit-like depressions; it appears only on 
the extensor surfaces of the arms, legs, 
and buttocks ; and the lesions are usually 
whitish or flesh-colored, never brown or 
black. 

Lenz‘ describes a K. follicularis (lichen 
pilaris) in which the hair follicles under- 
go cornification on the extensor surfaces 
of the arms and legs. Horny nodules are 
formed and are later replaced by white 
scars. Lenz calls this condition a domi- 
nant manifestation. Trimble’ reported 
the same condition but described it in a 
considerably different manner. He states 
that the malady appeared about the scalp, 
forehead, temples, legs, back, and chest. 


*For their generous medical assistance I wish to thank Drs. B. Fabricant, H. C. Comora, 


and C. L. Littauer, all of New York City. 


The terminology employed in determining the name 


for this condition was suggested by them as follows: keratosis—relating to a disease of the 
epidermis with circumscribed overgrowths of the horny layer; follicularis—relating to the 
follicles (as in the cornified condition of the hair follicles in this case); spiralis—relating to 
the spiraled growth of the encased hairs within the hardened follicle. 


331 


tions corresponding to the orifices of the 7 


The Journal of Heredity 


: eae 


be 


I 


The lesions formed were light brown in 
color varying in size from that of a pin- 
head to the head of a small match. Many 
lesions showed a central pit-like depres- 
sion. Here too the disease was a simple 
dominant. Goldenberg® described a con- 
dition quite similar to Lenz’s K. folli- 
cularis except that it appeared only about 
the neck and head. Again the trait was 
dominant. An overlapping ailment dif- 
fering in degree and type of inheritance 
was reported by Siemans.* Keratosis 
follicularis spinulosa decalvans, small 
spiny and horny prominences on the 
arms and face with inflammation of the 
eyelids, was described as being “inter- 
mediate” sex-linked. 

Further investigation of other than 
keratosis skin conditions showed that a 
rather regular scheme of inheritance 
manifests itself throughout dermatologi- 
cal inheritance. In keeping with the 
keratosic reports mentioned here, as well 
as the cross-sectional matter contained in 
Table 1, we are in a position to assume 
that, in general, hereditary skin diseases 


Norma Sex unknown 
B@ Affected MO Condition 


TWO PEDIGREES OF FOLLICLE- 
DEFECTS 


Figure 7 


A—A family of European derivation, 
especially German and Polish stock, 
showing four generations of transmission 
ot Keratosis follicularis spiralis. Genera- 
tion III was for the most part, the first 
generation of American birth. Note the 
great preponderance of affected females 
in both pedigrees. Family B is a mid- 
western American family of Scotch-Irish- 
German extraction, all five generations 
being of American birth. 


usually follow a dominant-recessive 
scheme, in some cases strictly sex-linked, 
and in some cases showing an irregular 
manifestation. The symbols involved in 
the discussion of this trait can be best 
represented as follows: /—to represent 
a gene for Keratosis follicularis spiralis. 
This is sex-influenced so that it is domi- 
nant in women and recessive in men. 
f—to represent a gene for normal skin. 

According to the data found in these 
pedigrees, transmission of the trait seems 
to be directly influenced by the sex of 
the individual. The fact that so many 
more females than males show the trait 
indicates that factors other than chance 
are involved in the scheme of inheritance. 
In a truly sex-influenced trait (one in 
which the condition is dominant in one 
sex and recessive in the other) we would 
have the following genotypes: FF, an 
affected female or an affected male; Ff, 
an affected female or a normal male; ff, 
normal in either sex. There would there- 
fore be three times as many females 
showing the trait as males. The ratio of 
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A New Inherited Skin Defect 


Lehr: 


TABLE I. Abstracted from Lenz’s review of morbific hereditary factors. 


Investigator Description of Disease Type of Inheritance 


Davenport & Neurofibromata—naevoid affection originating Dominant. 
Preiser in the cutaneous nerves. 
Siemans & Telangiectases—localized dilation of capillaries Dominant. 
Henle in the skin. 
Siemans Naevi pigmentosi—white patching in the skin. Dominant. 
Hammer & Ephelides—freckles. Dominant. 
Meirowsky 
Siemans Ephelides—freckles. Cooperative factors. 
Fasold Xanthomatosis—dark yellow raised patches on Dominant (but does not 
the skin—deposits of cholestrin. manifest itself in all per- 
sons who carry it). 
Kohn & Xeroderma pigmentosum—normal skin at birth Recessive. 
Siemans iollowed by freckling and cancerous changes 
with death occurring before 20 years of age. 
da Costa Bullous disorder attended by severe general Recessive and sex-linked. 
disturbances. 
Siemans Anidrosis—complete failure of sweat glands to Recessive and sex-linked. 
function—poor development of teeth and hair. 
Lenz Hyperidosis—excessive secretion of sweat. Dominant. 
Leven Ichthyosis vulgaris—skin covered with dense Dominant. 
scales and horny flakes. 
Lenz Anonychia—absence of nails; Leuconychia— Dominant. 
white patches in nails. 
Snyder* Epidermolysis bullosa—slight friction or abra- Dominant. 
sion of the skin results in formation of blebs 
or blisters. *Not included in Lenz’s review. 
TABLE II. All possible unions in sex-infi d inh with representative from pedig of 
Families A and B. 
FF FF All affected. Fam. 4; Gen. I; 3, all affected; 
Gen. II; 10, i 13, 


Probably Fam. 4; Gen. II; 9 and 10 pro- 
ducing all affected females and one theoreti- 
cally possible male. 


FF x Ff % 6 affected; all 
females affected. 


Fam. B; Gen. IV; 5a, 5b producing, so far, 


IF x ff All females affected; 
no males affected. one affected female. 
Ff x FF All females affected; Fam. 4; Gen. III; 17, 18 producing one af- 
14 males affected. fected 9 and, so far, one affected male. 
Ff 4 Ff $6 = 1aff.;3 normal; Several possibilities but no suitable extract. 
Q = 3 aff.; 1 normal. 
Ff x ff % females affected; Fam. A; Gen. II; 4 and 5 producing three 
no males affected. normal males and one affected female. 
ff 4 FF All females affected; Fam. B; Gen. II; 3 and 4 producing two 
no males affected. affected females and two normal males. 
ff x Ff % females affected; Fam. A; Gen. III; 6 and 7 producing one nor- 
no males affected. mal male and one affected female. Fam. 4; 
Gen. II; 6 and 7 producing two normal males, 
one normal female, and one affected female. 
ff i ff All normal. Fam. B; Gen. II; 1 and 2 producing five nor- 


mal males. (No female offspring at all.) 
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DETAIL OF DEFECT 
Figure 8 
Close-up of upper arm of III-23, showing 
the bumpy skin caused by the follicle defect. 


affected females to normal females would 
also be 3:1, because of the two trait- 
carrying genotypes to the one normal. 
Consequently our pedigrees showing 37 
out of 44 females affected is in accord- 
ance with the previous assumption. 

In a union where only the male parent 
was affected, we would have the follow- 
ing cross: FF $ X ff 2 = Ff (all 
females affected; all males normal). 
From such a cross we would conclude 
that the trait would always appear in the 
daughters of an affected father. In the 
pedigree of Family B (Group X, Figure 
7) this type of cross is illustrated. The 
marriage [V-5a and 5bis FF 8 &X ff 2, 
and resulted in the heterozygous affected 
female, and a prediction for a normal 
male in conformity with the theory. 

Where neither parent showed the trait 
but the father carried the gene (Ff ¢ 
< ff 2), we should expect half the 
daughters to be affected. Three types 
of offspring produced would be expect- 
ed: Ff “carrier” males, Ff affected fe- 
males, and ff normal males and females. 
In Family A (Group Y) II-1 and 2 rep- 
resent the union of a carrier male with 
a normal female. Daughters III-5 and 7 
represent the heterozygous females, and 
III-1 and 3 represent the normal males, 
who theoretically could not be affected. 
The sex-influenced nature of this ailment 
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is also shown in the children of II-4 
(Family 4, Group Z), where again all 
males are normal (one-half of them car- 
riers) and the female expresses the trait. 
Table II shows in brief form every type 
of inheritance involved in sex-influenced 
inheritance in the families studied. 


Summary 

Keratosis in its varied forms has been 
explained genetically as being a domi- 
nant-recessive trait. Bateson’ has said 
in reference to his work with several 
pedigrees of tylosis, “In view of the com- 
plete escape of the offspring of the unaf- 
fected except in one family tree the fact 
that tylosis (called also keratosis) almost 
always behaves as a simple dominant 
may be regarded as established.”” Lenz* 
states that all hereditary keratosis, kera- 
tomae, and tylosis are regularly domi- 
nant. In spite of the varied reports men- 
tioned before the definiteness of Lenz 
and Bateson’s statements, new, complete 
data of a previously unreported kera- 
tosis, that of K. follicularis spiralis, in- 
dicates that possibilities for sex-influence 
exist in hereditary skin conditions. 
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INHERITANCE OF LEAF AND FLOWER 
CHARACTERS IN THE NASTURTIUM 


W. G. WHALEY* 


HE general purpose of this in- 
| vestigation has been to study thor- 
oughly the inheritance of several 
contrasting characters with the hope that 
one or more might prove amenable to a 
detailed developmental study after the 
genetic background was known. For this 
purpose a large number of characters 
was observed. Some of these have prov- 
en to be not clearly enough defined, and 
some of them too complex for analysis 
in the small populations which it has 
been possible to produce with only lim- 
ited space available, and each cross pro- 
ducing only one or two seeds. Several of 
the simpler ones are presented here. 
The greater part of the data have been 
derived from the observation of first and 
second generation and backcross hybrids 
between two species of Tropaeolum; 
Golden Gleam, a horticultural variety of 
the species majus, and T. peltophorum 
fimbriatum, a species bearing lobed 
leaves and small open flowers with den- 
tate petals. Material from a few other 
crosses made by the writer is considered 
in some instances, and in one or two 
cases some hitherto unpublished data col- 
lected by Shaw" are added. 


The Leaf 


Shape.—The leaves of the members of 
the genus Tropaeolum are alternate, and 
either peltate or digitately lobed or dis- 
sected. The present study was confined 
to the variations occurring within the 
peltate leaved group. Tropaeolum majus 
var. Golden Gleam bears leaves which 
are broadly orbicular in shape (Figure 
9P). The leaves of T. peltophorum 
fimbriatum conform to the same basic 
pattern but are characterized by three 
distinct lobes, and two less pronounced 
ones nearer the base of the leaf (Figure 
9C). The hybrid between these two 
tvpes bears the orbicular, non-lobed, ma- 


jus type of leaf, but its leaves are nota- 
bly larger than those of either parent. 
In the F. generation a third type ap- 
pears. This type has the same general 
pattern as the lobed leaves of T. pelto- 
phorum fimbriatum, but instead of 
rounded lobes it has acute lobes and 
angular sinuses (Figure 9B). Segrega- 
tion in the F, generation gave 196 round, 
51 roundly lobed, and 14 acutely lobed 
leaves. This segregation closely con- 
forms to a 12:3:1 ratio, with a p value 
of .88& indicating the presence of two 
genes in epistatic relationship. The re- 
sults of backcrosses support such an as- 
sumption. The two genes may be desig- 
nated by L-l and U-u. L produces or- 
bicular leaves, and U’ in the absence of 
L produces roundly lobed leaves. Indi- 
viduals which are /w have acutely lobed 
leaves. Thus LU and Lu individuals are 
orbicular, /U roundly lobed, and /u acute- 
ly lobed. 

By developmental analysis it has been 
possible to obtain some idea as to how 
these factors controlling leaf shape oper- 
ate. The youngest leaves in all the pel- 
tate-leaved species of Tropaeolum have 
about the same shape and are all minia- 
tures of the mature leaves of plants with 
acutely lobed leaves (/u) (Figure 94). 
There is some variation in the propor- 
tions, the ratio of length to width being 
generally greater in the vounger leaves, 
but in every instance the pattern is 
identical. This together with the fact 
that the deeply lobed leaves are smaller 
than the unlobed suggests that the shape 
of the leaf may be in part dependent on 
the size to which it grows. The existence 
of such a relationship between size and 
shape is emphasized by measurements of 
dimensions in mature leaves of the vari- 
ous types: (Table 1). 

‘ It is evident from Table I that there 
is an inverse relationship between the 


*Massachusetts State College, Amherst, Massachusetts. Department of Botany, Columbia 


University, New York City. 
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NASTURTIUM LEAF TYPES 


Figure 9 


A-—Juvenile leaf. The adult leaf form is 
conditioned by two pairs of genes, L,/ and 
U.u. The types encountered are: B—Acutely 
lobed leaf (/u). C—Roundly lobed leaf (Lu 
or /U).D—Round leaf (LU). The figures 
represent average size leaves of each type. 


A xX 3/5, B, C, D, X< 2/3. 
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size of the leaf and the depth of the 
lobing. This immediately poses the ques- 
tion as to whether the small acutely lobed 
leaves (Ju) may not be merely persistent 
juvenile forms. That this is not so is 
indicated by the fact that the round 
leaves have already assumed their round 
shape when they are still considerably 
smaller than the mature size of the acute- 
ly lobed leaves. This means that the 
genes L and U affect not only absolute 
growth but also relative growth. 

If a young leaf which is acutely lobed 
is to become rounded in outline when 
mature it is apparent that the tissue in 
the sinuses must grow either more rapid- 
ly or for a longer period of time than at 
the apices. Which of these two alterna- 
tives obtains is not immediately indicat- 
ed by the data presented here, but it is 
apparent that when the gene U is pres- 
ent there is relatively more growth than 
with «, either for a longer period of time 
or at a more rapid rate, in the sinuses 
than at the apices, hence the pointed 
apices are transformed into rounded 
lobes. When the gene L is present there 
is an even greater growth of the sinus 
tissue relative to that of the apices, 
enough more in fact to cause the whole 
leaf to become rounded. When both L 
and U are present the sinus tissue ac- 
tually extends further than that of the 
original apices. It is of particular inter- 
est to note that the increase in size of 
the leaves of the F; hybrid between Liu 
and /U type plants, originally thought to 
be due to hybrid vigor, resolves itself 
simply into a combination of two genes. 

The relative rates of growth of the 
various types of leaves must be left to a 
further study, but it is clear that the 
genes U and L produce respectively 
greater total growth, and that in each 
instance the greater proportion of the 


TABLE I.—M of Tropaeol Leaves 
Leaf size, average of 
100 leaves 

Genotype Length (cm) Width (cm) 
LU 7.49.09 8.32+.15 
Lu 6.69.09 7.29+.11 
1U 5.59+.07 5.25+.06 
lu 4.27.12 4.63.10 
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growth produced takes place in the in- 
cised portions of the leaf. 

Color. — Rasmuson‘ has found dark 
green color in the leaves of Tropaeolum 
to be determined by two dominant genes, 
the recessive allele of either of which re- 
sults in the expression of a lighter (medi- 
um green) type. He states further that 
both medium green and dark green are 
dominant to yellowish green, also that 
both are dominant to the variegated con- 
dition, a green-white mosaic type. Wha- 
ley and French'® found Rasmuson’s con- 
clusions to be essentially correct. A cross 
between two medium-green-leaved types 
produces a hybrid darker than either par- 
ent. Upon selfing the hybrid a popula- 
tion of 147 dark green, 96 medium 
green, and 18 pale green plants was 
produced. The distribution represents an 
excellent fit to a 9:6:1 ratio indicating 
two complementary factors. 

In determining leaf color several leaves 
of each individual plant were carefully 
matched against Ridgeway’s color stand- 
ard’®, When this was done it became ap- 
parent that there are several genes in ad- 
dition to the two basic ones concerned in 
the ultimate expression of leaf color, for 
while there is comparatively sharp segre- 
gation into three distinct classes there is 
wide variation within the classes as to 
tone and intensity. There are obviously 
many secondary factors such as the dis- 
tribution of anthocyanin and other pig- 
ments, and the relative degree of pube- 
scence which affect the final expression 
of color. It is significant, however, that 
there seems to be no correlation between 
the presence of anthocyanin in the rest 
of the plant and the expression of the 
darker greens in the leaves. The funda- 
mental differences appear to be confined 
to the chlorophyll or its closely associated 
pigments. 

The Flower 

Petal number. — Garden varieties of 
nasturtiums bearing double flowers have 
been receiving considerable attention 


from commercial flower growers in re- 
cent years. Doubling of flowers in cer- 
tain species of Tropaeolum has been 
known for more than two hundred years. 
The usual type of doubling consists of a 
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proliferation of both the upper and lower 
petals accompanied by occasional petaloi- 
dy of the stamens. The number of petals 
produced in a double flower ranges from 
6 to 15, the number varying within the 
flowers of an individual plant as well as 
among plants. There is a considerable 
tendency for the degree of doubleness to 
increase as plants become older. In many 
cases several single flowers will be pro- 
duced by a plant before the doubleness 
becomes apparent. Eyster? and Eyster 
and Burpee*® found that doubleness is re- 
cessive to the normal single flowered or 
five-petaled type, and that a single gene 
is concerned. The results in the present 
experiment support this conclusion. The 
hybrid between a single flowered and a 
double flowered type is single flowered, 
and the distribution in the F2 generation 
is 196 single flowered and 65 double 
flowered individuals. This represents an 
excellent fit to a 3:1 ratio. The back- 
cross data agree with this result. 

Petal Shape. — In the genus Tropaeo- 
lum there are two common petal types ; 
that characteristic of the common garden 
nasturtium, simple rounded and entire or 
divided by a small cleft into two rather 
indistinct lobes (Figure 104), and a den- 
tate or somewhat digitately dissected 
type in which the amount of dissection 
varies among species and varieties (Fig- 
ure 10B). There are some forms in 
which both types of petal occur in the 
same flower, the three lower members 
being of one type, and the two upper 
members of the other type. In these, 
however, the degree of dentation of pe- 
tals is small, the number of teeth re- 
maining small and the incisions shallow. 
In addition, there are some forms in 
which there is a suppression of some of 
the petals as in T. peregrinum. Mem- 
bers of the species majus are character- 
ized by having the rounded petal type; 
T. peltophorum fimbriatum, by the ser- 
rate type. The hybrid between the two 
has the rounded type indicating its domi- 
nance. In the Fz population the parental 
types reappear in the ratio of 188 
rounded to 73 serrate. This character 
is further discussed later in this paper. 

Petal Color. — Flower color in the 
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PETAL TYPES 
Figure 10 
A—Entire petal type, characteristic of 7. majus. B—Dentate petal type, characteristic of 


genus Tropaeolum has long been of in- 
terest because of the wide range of colors 
and their various patterns, and because 
of several complications concerned with 
its expression. Weiss! reported the oc- 
currence of a plant which bore both yel- 
low and red flowers. The offspring from 
selfing consisted of both yellow and red 
flowered individuals, and one which bore 
both yellow and red like the origiral par- 
ent. The variation seemed to be caused 
by the weather. Rawson*® reports per- 
manent genetic variations in color pro- 
duced by light. 

The extent of the color range is made 
possible by the occurrence of both plastid 
and cell sap colors in most of the types. 
The plastid colors range from very pale 
yellow to deep orange and are visible 
only when the anthocyanin pigments are 
absent. The anthocyanin (sap) colors 
range from pink through various reds to 
a dark maroon. There are also some 
modifications which tend toward magen- 
ta and bluish tints. The reds are further 
modified by the nature of the yellow col- 
oration of the flowers. As a rule reds 


are darker in the absence of a well de- 
veloped bright yellow pigment and more 
orange in its presence. The inheritance 
of the two types of coloration appears to 
be completely independent. 

Rasmuson’ states that there is a mono- 


genic difference between light and dark 
yellow, both being due to plastid pig- 
ments ; likewise between the presence of 
red (anthocyanin) and its absence (yel- 
low). In the latter case he finds the 
homozygotes to be dark red, the hetero- 
zygotes light red, the recessives being of 
course vellow. Variegated flowers are 
dominant to self-colored types. Eyster 
and Robinson* found that the anthocya- 
nin colors are more or less epistatic over 
the plastid colors. 

The results in the present experiment 
tend to clarify the color inheritance situa- 
tion somewhat. The female parent used 
had a pure yellow flower color, termed 
“cadmium yellow” by Ridgway.’®. The 
pollen parent was a pure red. The F; 
hybrid was red, though somewhat lighter 
than the red parent. In the Fe genera- 
tion there appeared a whole range of 
colors; two shades of pure yellow; a red 
spotted, yellow type; a series of flushed 
red types, in which more or less red color 
is diffused over much of the petal sur- 
face ; and two shades of pure red. 

The situation becomes somewhat more 
clear when the types of color expression 
are considered separately. In the Fy. 
generation of the present experiment 
there appeared 65 yellow individuals. 
Of these 61 were dark yellow in color 
the same as the parent type. The re- 
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maining 4+ were a pale cream yellow. 
The distribution suggests at once a case 
of duplicate factors with the double re- 
cessive resulting in the pale yellow con- 
dition. The fit to a 15:1 ratio is very 
close (p = .96). It is possible further 
to distinguish between the yellow types 
in those flowers where the yellow is par- 
tially obscured by red, and the distribu- 
tion fits the same ratio. There is some 
indication in the data of Shaw" that 
there may be several more factors con- 
cerned with the intensification of the yol- 
low plastid colors. There are at least 
three intermediate stages between the 
palest and the most intense yellow, and 
the results of his crosses indicate that 
there may be as many genes concerned in 
the intensification of the color. The basic 
color, then, is a yellow plastid pigment 
and the intensity of its expression ap- 
pears to be controlled by at least two 
and possibly four or five genes. 

As has been stated, a cross between 
a pure red and a yellow produces a red 
F,. Upon selfing, red (indicating flow- 
ers with any anthocyanin at all present), 
and yellow (absence of red), segregate 
in the proportion of 196 red to 65 yellow, 
a simple monogenic ratio indicating that 
there is one basic gene concerned in the 
expression of red sap color. Since all 
the homozygous recessives are yellow 
they need not be considered further. 
Among the 196 red plants there is fur- 
ther segregation into three distinct tvpes, 
a pure red, a spotted type in which the 
red color is confined to a definite spot 
near the base of each petal, and a flushed 
or mottled type in which red color is 
more or less diffused over the petals. 
This last type is further notable in being 
very susceptible to environmental influ- 
ences. Its expression is markedly af- 
fected by either light or temperature, 
perhaps both, and by the age of the plant. 
In the same plant the amount of red ap- 
parent may be very minute or a whole 
petal with the exception of the claw 
fringe may be covered. In the course of 
a season it is not unusual for a single 
plant of this type to change its flower 
color from almost pure yellow to almost 
pure red. Even two adjacent flowers on 
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a single plant may be one predominantly 
yellow and the other predominantly red. 

It is possible to explain this rather 
involved situation quite simply if it is 
assumed that the action of four different 
genes is concerned. The basic gene for 
the production of red anthocyanin may 
be denoted as 4,. This gene A, must 
be present in order to have any antho- 
cyanin color produced. Three additional 
genes, M, M, and p may be sup- 
posed to be concerned in the expression 
of the red sap color. The complimentary 
genes M and /,, when present together 
in individuals containing also A, result 
in the production of a relatively large 
amount of red anthocyanin color. When 
in addition, the dominant gene P is pres- 
ent this anthocyanin color is distributed 
uniformly over the whole petal surface. 
When ?, the recessive allele of P, is pres- 
ent in individuals containing A,, M, and 
M,, the red sap color is localized to a 
single spot at the base of each petal. The 
presence of either or both of the reces- 
sive alleles m or m, in individuals having 
also A, results in the distribution of red 
color which is termed flushing. This 
condition is relatively unstable, the 
amount and the extent of red coloration 
varying with certain environmental fac- 
tors. The action of the spotting gene p 
may or may not be discernible in indi- 
viduals having flushed petals. According 
to this scheme the results obtained may 
be represented as follows: 


TABLE II 
P, 4M,MP (red) 
(yellow) 
F; AndnMmMimP p 
Theoretical Actual 
_ 81 
AsMM,P (red) 256 81 
* 
p (spotted 256 26 
A,MmP 
An.Mmp 
A,mM,P 84 
AymMip (flushed) 256 
Aymm,P 
Aymmp 
dn, etc (yellow) 256 
261 
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The distribution in the F2 population 
represents an excellent fit to the theoreti- 
cal ratio (p = .97). 

Fragrance—An attempt was made to 
analyze the inheritance of fragrance. 
Using as one parent a type which pos- 
sesses a high degree of fragrance and as 
the other one which possesses no frag- 
rance at all, a hybrid was obtained which 
seemed intermediate between the two in 
degree of fragrance. Six persons were 
asked to classify each of the parents, the 
hybrid, and 109 second generation plants 
as (1) having intense fragrance, (2) 
having no fragrance at all, or (3) having 
some degree of fragrance. Blakeslee’ has 
shown that there are differences in the 
ability of individuals to distinguish odors. 
This was found to be true among these 
six persons. The amount of time elap- 
sing between tests also made for varying 
results. Further, either the human re- 
ceptivity or the actual degree of frag- 
rance appears to vary with the time of 
day and with atmospheric conditions as 
well as with the age of the flower. For 
these reasons no attempt is made at a 
genetic analysis, but the general conclu- 
sions of the group are presented as repre- 
senting some indication of the manner of 
segregation. As has been stated, one 
parental type was fragrant to all six per- 
sons, the other not to any, and the hybrid 
more or less intermediate. The majority 
opinion rated 9 individuals in the Fy. 
generation as fragrant as the one parent, 
72 as possessing some degree of fra- 
grance but not so much as the fragrant 
parent, and 2 without any fragrance 
whatever. Reliable analysis of fragrance 
factors, however, requires a dependable 
means of detection and measurement. 


Factor Interaction 


From an analysis of a population which 
was admittedly too small, Whaley and 
French™ suggested linkage between the 
factor controlling leaf shape and the one 
controlling petal shape. It was noted at 
the time that one of the recombination 
classes failed to occur, and supposing 
this to be due to the small size of the 
population a single crossover individual 
was assumed and the maximum possible 
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crossover value was calculated. Further 
analysis indicates that this condition is 
probably subject to a different interpre- 
tation. If the inheritance of petal shape 
and leaf shape are considered indepen- 
dently they seem to conform to simple 
Mendelian schemes, one with a single 
factor concerned, the other with two fac- 
tors in epistatic relationship. If, how- 
ever, the two characters are considered 
in combination a curious condition be- 
comes apparent. When a round-petaled, 
orbicular-leaved plant with the constitu- 
tion ELu (E being the gene for round 
petals) was crossed with a dentate- 
petaled, lobed-leaved plant, elU, the hy- 
brid was round-petaled with orbicular 
leaves and the following Fy» distribution 
was obtained: 


TABLE III 


Entire petals, orbicular leaves (ELU)_. 185 
Dentate petals, orbicular leaves (eLU) 11 
Entire petals, roundly lobed leaves (ELu, 


Entire petals, acutely lobed leaves (Elu). 0 
Dentate petals, acutely lobed leaves (elu). 14 


It is apparent that neither independent 
assortment nor any degree of linkage 
will explain such a distribution. The ex- 
planation seems rather to rest upon the 
developmental relationships of the genes 
in question. If it is assumed that a com- 
mon factor is responsible for the denta- 
tion of petals and lobing of leaves, and 
the sequence of development from the 
acutely lobed to the orbicular form in the 
ontogeny of both petals and leaves is 
considered, it is possible to explain the 
situation. It has been supposed that the 
genes L and U increase growth of 
the leaves, and at the same time bring 
about an earlier obliteration of the juve- 
nile lobed form. It seems very probable 
that the same situation may prevail in the 
case of the petals, varied somewhat by 
the fact that the ontogeny of the petal is 
later than that of the leaf. Such a sup- 
position regards the association of entire 
petals with orbicular leaves, and dentate 
petals with lobed leaves to be the normal 
condition and explains the occasional ap- 
pearance of dentate petals among the 
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ElU) 3 
= Dentate petals, roundly lobed leaves (eLu, 
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orbicular-leaved individuals as the re- 
sult of a partial delay or disruption in 
the development which normally obliter- 
ates the dentate form. The presence of 
a few entire petals among the roundly 
lobed leaf types may also be due to some 
minor variation in developmental rates. 
Unfortunately no note was made as to 
whether these few individuals had leaves 
which were any less lobed in form than 
the usual type. No entire petals occur 
in plants with acutely lobed leaves since 
such plants lack the genes L and U 
which are necessary if sufficient growth 
to obliterate the dentate form is to take 
place. That this is probably the case is 
evidenced by the fact that 100 petals of 
the dentate type average only 1.8 cm. in 
width against 2.9 cm. for the entire type, 
and length varies accordingly. The petal 
types then bear the same general size re- 
lationship to one another as do the leaf 
types. It is possible that further study 
of the condition may furnish evidence 
both for the method of development and 
for the concept of homology of petals 
and leaves. 


Summary 


The expression of acutely lobed, round- 
ly lobed, and orbicular leaf shapes in 
Tropaeolum is controlled by two genes, 
L and U, in epistatic relationship. The 
factors appear to determine shape by 
controlling the amount and relationship 
of growth which takes place. The ulti- 
mate expression of leaf shape and petal 
shape is found to be due to certain defi- 
nite developmental relationships. 

Leaf color is dependent upon the pres- 
ence of two complementary genes G and 
G1; the presence of both resulting in 
dark green leaves ; the absence of either, 
medium green; and the absence of both, 
light green color. 

Yellow plastids form the basic color 
in most species of Tropaeolum. The in- 


tensity of the yellow color is dependent 
upon the cumulative action of at least 
two and possibly more genes. 


Red an- 
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thocyanin may accompany the yellow 
pigments. Its presence depends upon one 
gene A,, its intensity upon two more, M 
and M,, and localization into a definite 
pattern upon a fourth factor, p. 

Petal number is inherited on a simple 
monogenic basis with the normal five- 
petaled type being dominant to the sim- 
ple double type. 

The writer wishes to express his ap- 
preciation to the Massachusetts State 
College for financial assistance which 
made this study possible. He also wishes 
tu acknowledge his indebtedness to Pro- 
fessors A. P. French and R. A. Van 
Meter of the Massachusetts State Col- 
lege and to Professor E. W. Sinnott of 
Columbia University for valuable advice 
and criticasm. 
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INHERITED NON-BARRING OF THE 
FLIGHT FEATHERS IN TURKEYS 


V. S. ASMUNDSON 
University of California, Davis 


dents, Mr. George Nicholas of Peta- 

luma, California, called my attention 
to birds in his flock with plumage color 
differing from that of their Bronze tur- 
key parents. These birds, both males 
and females, had black primary flight 
feathers and black secondary flight feath- 
ers with white tips. There were also 
white markings in the region of the 
shoulder. These were present on more 
feathers in the female than in the male. 
The breast feathers of the females had 
an irregular white line near the tip in- 
stead of the white tip seen on the breast 
feathers of Bronze adult females. The 
saddle and tail feathers were marked ex- 
actly as on the Bronze (Figure 12). 
To simplify the discussion in this paper, 
birds with this plumage pattern will be 
called black-winged bronze, as distin- 
guished from the typical Bronze with 
barred flight feathers. 

A few of these black-winged bronze 
were mated together the following 
spring. . All the poults from this mating 
had the same down pattern, which re- 
sembled the Bronze in the distribution 
of the dark pigment. There was, how- 
ever, much less black and brown pig- 
ment, whereas more of the down was 
nearly white, so that the poults were 
considerably lighter in color than the 
Bronze. The juvenile plumage was also 
lighter colored than that of the Bronze. 
The down patterns of the black-winged 
bronze and of the other varieties used 
are shown in Figure 11. 


| N the autumn of 1935 one of my stu- 


Experimental Matings 


The black-winged bronze were mated 
with the Bourbon Red, Narragansett, 
and white turkeys. The white turkeys 
used were all from a single white hen 
that segregated out of a flock of Bronze. 
The black-winged bronze was not mated 


to the Bronze, since the matings made 
were expected to show how the new col- 
or variety differs genetically from the 
Bronze. 

Black-winged Bronze X Bourbon Red. 
The F, generation from the black- 
winged bronze mated to the Bourbon 
Reds all had approximately the same 
pattern, regardless of which way the 
cross was made. In down and plumage 
the hybrids resembled birds obtained 
when the Bronze are mated to the Bour- 
bon Reds, except that the down of the 
latter is slightly darker. As has been 
shown elsewhere,! the F; poults resem- 
ble the Bronze closely in the distribution 
of pigment in the down. Being much 
browner, however, they are readily dis- 
tinguished from the Bronze and from 
the Bourbon Reds. The brownish color 
of the down characteristic of these F, 
poults has been designated the F; 
pattern. 

The down patterns of the F, genera- 
tion from black-winged bronze mated to 
Bourbon Reds are shown in Table I. 
The data can be interpreted on the basis 
of two pairs of autosomal genes. In the 
terminology suggested by Robertson‘ for 
the Bronze and Bourbon Red patterns, 
the black-winged bronze have the consti- 
tution RR. The nonbarred wing is deter- 
mined by a recessive autosomal gene /. 
The Bourbon Red carries the dominant 
gene L, but barring is not expressed with 
the Bourbon Red pattern. The genetic 
constitution of these two plumage color 
patterns, as shown by the results of re- 
ciprocal matings between them, is then 
as follows: black-winged bronze, RRI; 
Bourbon Red, rrLL. 

The results shown in Table 1 show 
the number of poults with each of the 
different down patterns obtained except 
for seven birds with light Bourbon Red 
down which were grouped with poults of 
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darker shade having the same pattern. 
Six poults with pure white down were 
assumed to be double recessives, homo- 
zygous for non-barred flight feathers // 
and for Bourbon Red plumage rr. Breed- 
ing tests of such birds indicate that this 
is correct since 26 progeny with pure 
white and 2 with doubtful down color 
were obtained. The eight that hatched 
all had pure white down and later de- 
veloped red plumage. Such birds have 
lighter colored plumage than typical 
Bourbon Reds. 

The numbers of poults obtained 
(Table 1) deviate from the expected in 
three classes, namely, an excess of 
bronze, a deficiency of a new plumage- 
color combination—F, with non-barred 
wings (Figure 134-B) —and a deficien- 
cy of pure white poults, with the result 
that P = .01. Breeding tests of the 
birds having the F, with non-barred 
wings pattern gave 29 black-winged 
bronze, 52 F, with non-barred wings 
and 27 pure white down, in good agree- 
ment with the number expected on the 
basis of 1 RRII (black-winged bronze) : 
2 Rril (F, with non-barred wings) : 1 
rrll (pure white down, red plumage). 
The number (Table 1) of barred-winged 


‘birds is 131 : 34 non-barred-winged 


birds (omitting birds with red or white 
down and red plumage), where the ex- 
pected number is 123.75 : 41.25. This is 
a good fit to the expected ratio of three 
birds with barring to one bird without 
barring. The proportions of Bronze to 
F, pattern to Red obtained is 72 : 93 : 
46, a poor fit (P = .01) where the num- 
ber expected on the basis of a 1 : 2 : 1 
ratio is 52.8 : 105.6 : 52.8. In spite of 
these deviations from the expected re- 
sults which are traceable to the three 
classes mentioned above, the interpreta- 
tion given in Table 1 undoubtedly gives 
the correct genotypes for the various 
phenotypes shown. 

Black-winged Bronze X White. The 
F, generation from the cross, black- 
winged bronze ¢ X White 2 2 and the 
reciprocal all had the Bronze pattern. 
The hybrid adults could usually be dis- 
tinguished from pure Dronze by white 
edging and by a wide, pure white tip on 


ADULT PATTERNS 
Figure 12 

A—Black-winged bronze male with non- 
barrel flight feathers and with a little grey on 
the shoulders. Otherwise the plumage color is 
the same as that of the Bronze variety. B—- 
Black-winged bronze male with non-barred 
flight feathers. Note white tips on secondary 
flight feathers and grey feathers on the shoul- 
ders. C—Bronze male. Note barred flight 
feathers. Compare with A and B. 


the secondaries. The down color of the 
hybrid poults was slightly more greyish 
and the striping less distinct than that of 
Bronze poults. The white birds used 
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BARRED AND NON-BARRED FLIGHT FEATHERS 


Figure 13 


A-B—Birds having the constitution Rr (F; pattern) out of Bourbon Red mated with 
Bronze, black-winged bronze, or Narragansett; 4, with barred flights; B, with’ non-barred 
flights but with some stippling on the secondaries. It should be kept in mind that the birds 
such as those shown at B do not occur in the F; generation, but segregate out in the F: 
generation (see text and Table 1). (—Narragansett; D, Non-barred flight feathers on an 
otherwise typical Narragansett. 
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were, as stated above, descended from a 
white hen that had segregated out of a 
flock of Bronze. Obviously, the results 
might have been different had another 
strain of white turkeys been used, al- 
though when these white turkeys were 
mated to White Holland, all the progeny 
were white. Robertson* used the sym- 
bol w for the gene for white plumage, 
which he found to be a simple recessive 
to Bronze I’. 

The data for the Fz generation are 
shown in Table II. The white turkeys 
evidently carried the gene L for barred 
wings and had the genetic constitution 
wwLL, whereas the black-winged bronze 
had the constitution WWUl. Most White 
Holland and other white poults have 
brown down on the head and on all or 
part of the body, but show no striping. 
Poults with pure white down occur occa- 
sionally. There were at least six pure 
white poults in the Fy generation, which 
were grouped with the other white poults 
in Table II. These pure white poults 
may have been homozygous for non- 
barred wing and therefore double reces- 
sives, but no breeding tests were made. 
It will be observed that there were ac- 
tually far fewer white poults than would 
be expected. Since the value of P equals 
.02, only twice in 100 trials would so 
great a deviation be expected to occur 
through chance. 

The small number of white poults may 
indicate the presence of a lethal gene or 
combination of genes. Other matings of 
the white turkeys do not, however, indi- 
cate that the white turkeys carry a lethal 
gene or genes. Thus when the white tur- 
keys were mated to the Bronze, the F; 
generation were all bronze; the F2 gen- 
eration comprised 65 bronze to 16 white, 
a reasonably good fit for a 3 : 1 ratio. 
When the F,’s were backcrossed to the 
original white hen, three bronze and five 
white poults were obtained. Males and 
females occurred in approximately equal 
numbers among the bronze and white 
poults. These results agree with the as- 
sumption that the whites differ from the 
bronze by a single pair of autosomal 
genes, as suggested by Robertson,‘ white 
(w) being recessive to Bronze (HW). All 
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bronze varieties presumably have the 
constitution Wl’, since the results in the 
Fy, generation, with respect to white and 
colored, appear to be the same regardless 
ot the colored variety used. Thus, in the 
F, generation, crosses of Bourbon Red 
with Whites gave all colored (F; pat- 
tern) ; in the F2 generation, 149 colored 
to 46 white (expected on the basis of a 
3:1 ratio, 146 colored to 49 white). Here 
again there is no indication of a lethal 
gene. Further matings are planned to 
test the various possibilities suggested by 
the data in Table IT. 

If it is assumed that Bronze and black- 
winged bronze occur in the numbers ex- 
pected, the deficiency of white poults is 
actually greater than shown in Table II. 
Disregarding the white poults, the num- 
ber of Bronze and black-winged bronze 
obtained agrees well with the 141 Bronze 
and 47 black-winged bronze expected on 
the basis of a 3 : 1 ratio. 

Black-winged Bronze X Narragansett. 
A black-winged Bronze male was crossed 
with a Narragansett female. All the F,'s 
had Bronze down and plumage, but 
modified so that they resembled those 
obtained from the cross of black-winge:l 
bronze with white described above. Only 
a few Fz. birds were obtained. Those 
classified as to sex and plumage color 
were as follows: 2 Bronze (barred 
wings) females (Figure 13C) ; 1 black- 
winged bronze female; 1 non-barred 
wing Narragansett female (Figure 
13D). 

The reciprocal cross (Narragansett 
male x _ black-winged bronze females) 
gave 14 Bronze males and 15 Narragan- 
sett females. The down and plumage of 
the bronze F; was modified as already 
stated. The down of the F,’s with the 
Narragansett pattern was a little paler 
than that of pure Narragansetts ; and the 
secondaries in the adult plumage were 
modified, showing white tips. The re- 
sults for the Fe generation (Table III) 
agree reasonably well (P = .059) with 
the results expected on the assumption 
that the Narragansett carries the domi- 
nant autosomal gene L for barring, 
whereas the black-winged bronze carries 
the recessive gene / for non-barred 
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flight feathers and the dominant sex- 
linked gene N. The Narragansett is 
known to carry the recessive sex-linked 
gene n. 

Discussion of Results 

A plumage pattern not previously de- 
scribed for turkeys is reported. Birds 
with this pattern (absence of barring on 
the flight feathers) have since been ob- 
served in other commercial ' flocks of 
Bronze and in a flock of supposedly pure 
wild Virginia turkeys (Meleagris gallo- 
pavo silvestris). The mutation, there- 
fore, probably occurred a long time ago. 
Nevertheless, it has apparently not been 
reported in wild turkeys, although many 
subspecies differing but slightly from 
each other are now recognized by Bent,” 
Moore,’ and others. 

The results of the crosses made show 
that the Narragansett, as would be ex- 
pected, carries the gene for barred flight 
feathers. A Narragansett with non- 
barred flight feathers has been obtained. 
Birds with such a pattern have not been 
observed in commercial flocks. 

The gene / for non-barred flight feath- 
ers inhibits brown melanin in the down 
as shown particularly by the pure white 
down of birds homozygous for / and for 
r, the gene for red plumage color such as 
that of the Bourbon Red variety. The 
gene / may also produce a lighter-col- 
ored adult red plumage. The Bour- 
bon Red carries the gene L for barred 
flight feathers but does not exhibit bar- 
ring. Apparently the Bourbon Red dif- 
fers from the Bronze and from some 
other colored varieties essentially in 
having brown instead of black melanin. 

Judging from the results obtained, the 
gene for non-barred flight feathers is in- 
dependent of the genes for colored plum- 
age WV and red plumage r. Presumably 
the only new plumage patterns that the 
/ gene can be expected to produce are 
the ones with the Bronze (black-winged 
bronze) and Narragansett ( Narragan- 
sett with non-barred flights). The new 
varieties are, of course, homozygous for 
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the autosomal recessive gene /, whereas 
the Bronze and Narragansett have the 
constitution LL or Li. As already stated, 
the heterozygotes, both Bronze and Nar- 
ragansett, can usually be distinguished 
from the homozygotes by the more pro- 
nounced white tipping and edging on the 
secondary flight feathers. It may also, 
however, modify other plumage patterns 
such as the Bourbon Red by producing 
a different shade of color without chang- 
ing the distribution of the pigment.* 


Summary 


Birds resembling the Bronze variety 
but having black primary flight feathers, 
black secondary flight feathers with 
white tips, and grey feathers on the 
shoulders were found in a commercial 
flock of Bronze turkeys. When mated 
together, these black-winged bronze 
birds bred true, the down pattern of the 
poults being much lighter than the down 
pattern of the Bronze. 

Light down and non-barring of the 
flight feathers is determined by an auto- 
somal gene / recessive to the gene for 
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darker down and barred flight feathers 
L carried by the Bronze, Narragansett, 
and Bourbon Red varieties and by some 
white birds. These genes appear to have 
little or no influence on the distribution 
of the brown melanin of the Bourbon 
Red but suppress brown melanin in the 
down of poults homozygous for r as 
proved by breeding tests with pure white 
poults (which later developed red plu- 
mage) and other birds obtained in the 
F. generation from the cross of black- 
winged bronze on Bourbon Reds. 

Birds with the Narragansett pattern, 
except for non-barred flight feathers, 
were obtained in the Fy, generation from 
the cross with Narragansetts. These dif- 
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fer from the black-winged bronze in hav- 
ing the sex-linked recessive gene n, but 
both have light down / and are colored 
varieties 1’ with black melanin R. 
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More Advice for the Growing-ups 


*¢] IFE and Growth” is one of a series 

of books dealing with the intelli- 
gent adjustment of youth to its social en- 
vironment.* It is offered by the Com- 
mission on Human Relations to aid 
young people of high school and junior 
college age. The book consists of three 
main parts—I, Human Life and Social 
Progress; II, The Individual and the 
Way He Grows; and III, New Life and 
Social Change. It is clearly, interesting- 
ly, and accurately written, emphasizing 
that “modern medicine, psychology, 
physiology, and biology are coming clos- 
er and closer together in agreement that 
man is a complex, intricately organized, 
interdependent organism. Coordination 
and regulation of internal and external 
factors are perhaps the most intricate 
and the most significant of human func- 
tions.” 


The second part of the book deals with 
the problems of sex development and sex 
function in an able, frank, and straight- 
forward manner. Although it lays more 
than the usual stress on the effect of the 
internal secretions on growth and devel- 
opment, it fails to mention the formation 
of the corpus luteum. The book is con- 
cluded with a forward-looking chapter in 
which belief in the worth of human per- 
sonality and its capacity to grow and de- 
velop is suggested as the new faith of 
American youth so essential to a suc- 
cessful democracy. 


Suggestions for further reading seem 
well selected. However, some of the 
books on sex relations presuppose a con- 
siderable amount of sophistication on the 
part of high school students.—G. HAINES. 


*KeLinerR, A. V. Life and Growth, pp. 
Co., 1938. 
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DIFFERENCES IN INCIDENCE OF 
ENCEPHALOMYELITIS IN HORSES* 


W. V. Lamsert, S. R. SPEELMAN, AND E. B. OsBornj 


NHERENT differences in resistance 
to certain types of diseases are 
known to exist in both animals and 

plants. Among animals, differences in 
resistance to bacterial and virus dis- 
eases have been shown by Hagedoorn- 
LaBrand and Hagedoorn, Irwin’, 
Schott®, Lambert*, Webster’, Wright 
and Lewis*, Gowen and Schott", and 
others. In plants such differences have 
been extensively studied and the devel- 
opment of resistant strains has become 
an effective means for combatting cer- 
tain plant diseases. Such differences 
are relative rather than absolute, the 
degree of resistance depending upon 
such factors as the inborn qualities of 
the host, the virulence of the patho- 
genic agent, the environment, age, and 
physiological condition of the host, de- 
gree of infection, et cetera. 

In the larger animals, species differ- 
ences in resistance to certain diseases 
are well known but few well-authenti- 
cated cases of such intra-species differ- 
ences are known. In horses the oppor- 
tunities for making such observations 
are rare and it is believed that the data 
reported herein, describing a differen- 
tial resistance to encephalomyelitis, will 
be of definite interest to biologists, 
horsemen, and veterinarians alike. 


Materials Used 


These records were obtained from 
the experimental stud maintained at the 
United States Range Livestock Experi- 
ment Station at Miles Ciy, Montana. 
The 221 horses in this stud represented, 
several types of breeding but the larg- 
est percentage consisted of grade Bel- 


gians and grade Thoroughbreds. In 
addition, there were a few Morgans, 
Nonius, and some crosses from Nonius 
stallions on grade Belgian and Thor- 
oughbred mares. Horses of various 
ages were represented in most groups, 
the frequencies for each group and age 
being shown in Table I. 

In July of 1938 a rather severe epi- 
zootic of encephalomyelitis occurred in 
this stud, 30 of the 221 animals being 
affected. It is on the basis of these 
cases that the conclusions reported 
herein are based. 

It is generally accepted that encepha- 
lomyelitis is transmitted by biting in- 
sects such as mosquitoes® and not from 
direct contact with infected horses. No 
data are available on the source of or 
method of spread of the disease in this 
epizootic. Since the horses of the dif- 
ferent breeding groups were distributed 
at random in the various pastures of 
the station, the opportunities for ex- 
posure to the disease were equal be- 
tween the groups in which the inci- 
dence of the disease is compared. 


Incidence of Disease by Breed 
Groups 


The incidence of encephalomyelitis 
for the various types of breeding and 
for the different age groups in each 
type are shown in Table I. Of the 221 
ho1ses in the stud 31 were either pure- 
bred Nonius or the result of crosses of 
Nonius stallions on the grade Belgian 
or Thoroughbred mares. Of this group, 
18 developed encephalomyelitis, this be- 
ing 58.1 per cent of the animals of this 
breeding. Among the 190 animals of 


*U. S. Department of Agriculture in cooperation with Montana Agricultural Experiment 


Station. 


+Respectively, Senior Animal Husbandman, in Charge of Genetics; Associate Animal Hus- 
bandman, Acting in Charge of Horse and Mule Investigations; and Junior Animal Husbandman, 
U. S. Range Livestock Experiment Station, Bureau of Animal Industry. 
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all other groups only 12, or 6.3 per cent 
ot the total, were affected. However, a 
comparison on the basis of totals is 
somewhat misleading for, as is appar- 
ent from Table I, the higher incidence 
of the disease occurred among the 
younger animals (yearlings and foals). 
Since all animals with Nonius breeding 
were yearlings or foals, except five ma- 
ture animals imported from Hungary 
in 1935, a comparison of the incidence 
of the disease in these two age groups 
has been made. Among 41 foals 22 
were of Nonius breeding and 19 of 
other breeding. Of the 22 foals of 
Nonius breeding 16, or 72.7 per cent, 
were affected, whereas only 2 out of 19, 
o1 10.5, of the foals of other breeding 
were affected. This difference is highly 
significant, P being less than .01. 

Only four yearlings with Nonius 
breeding were in the stud but two of 
these were affected, while among 27 
yearlings of other breeding only three 
were affected. Here also the trend in 
mortality was in the same direction as 
was observed in the foals. Thus it is 
apparent that in these two comparable 
age groups the horses with Nonius 
breeding were more susceptible to this 
strain of encephalomyelitis virus. 

Of the 30 animals affected seven died. 
Three died during the course of the dis- 
ease and four died during the convales- 
cent period. Of the latter cases one ap- 
parently recovered but was found dead 
in the pasture the latter part of Sep- 
tember. Of the others, according to the 
veterinarian in charge, two died from 
the effects of the disease and one from 
septicemia resulting from bed sores ac- 
quired during paralysis. Six of the 
seven animals that died were of Nonius 
breeding, five of these being foals and 
one a yearling. The seventh animal, a 
yearling, was the one found in the pas- 
ture in late September. 

The distribution of the affected ani- 
mals in the various pastures both pre- 
ceding and during the outbreak of the 
disease precludes the possibility of the 
differences in resistance observed in the 
various groups being due to their loca- 
tion on the station. The station com- 
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prises an area of approximately 50,000 
acres and the various pastures are well 
scattered over most of this area. These 
pastures varied in size from about 400 
acres to several thousand acres. The 
distribution of animals of the various 
groups in these pastures was largely at 
random so that all groups had similar 
chances of exposure to the disease. 

During the breeding season, from 
June 1 to July 15, 70 head of mares (in- 
cluding the purebred Nonius) with 39 
foals were rotated in pastures near the 
station headquarters. The density of 
the stocking in these pastures was 
greater than in the other pastures but 
since all mares with foals were includ- 
ed the opportunities for exposure in the 
various groups were equal. Twenty- 
four of the 30 cases of encephalomye- 
litis occurred in this group. 

The distribution of the cases of en- 
cephalomyelitis in the various pastures 
gives additional support to the above 
conclusion. Encephalomyelitis occurred 
in each of the several pastures and in 
most of the pastures animals from two 
or more of the different groups were 
affected. 

Fourteen mares of the grade Belgian 
stock, all suckling foals, were vaccinat- 
ed with brain emulsion vaccine on June 
18 and June 26. Of these mares, one 
was affected with encephalomyelitis on 
July 13, this being the first case of en- 
cephalomyelitis in the 1938 epizootic. 
The foal of this mare likewise devel- 
oped encephalomyelitis, as did the foals 
of three others of these mares. The 
incidence of infection in the vaccinated 
mares (one out of 14) was equally as 
high as that observed in the unvaccin- 
ated mature stock. Three of the four 
foals were from a cross with a Nonius 
stallion and one from a purebred Bel- 
gian stallion. 


Incidence in Various Age Groups 


The distribution of animals of the 
various ages in the stud is shown in 
Table I. It is apparent that the young- 
er animals were somewhat more sus- 
ceptibie to the disease than the older 
animals. A fair comparison of the in- 
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fluence of age on susceptibility can be 
made only for the groups not involving 
Nonius or crossbred-Nonius breeding 
since, aside from the five purebred ma- 
ture Nonius horses, only yearlings and 
foals of this breeding were represented. 

It would appear that the younger 
animals of other than Nonius breeding 
were somewhat more susceptible than 
the older ones, although the incidence 
of infection was so low in all of these 
groups that none of the differences are 
statistically significant. This is in line, 
however, with previously reported ob- 
servations on age differences in resis- 
tance. No sex difference in the inci- 
dence of the disease was noted, as 16 of 
the animals affected were females and 
14 males. 


Previous History at the Experiment 
Station 


Only one other outbreak of encepha- 
lomyelitis has occurred at the Range 
Station. The disease first appeared in 
the summer of 1937, and five animals 
were affected between the dates of Aug- 
ust 12 and September 5. One of these 
animals was a mature Nonius stallion, 
two were grade Belgians, one a grade 
Thoroughbred, and one was a purebred 
Belgian. Three of these animals died, 
one of them being the Nonius stallion, 
Longfellow. At that time only ten ani- 
mals with Nonius ancestry were on 
hand. Nine of these were purebred 
Nonius and one by a Nonius stallion 
and out of a grade Belgian mare. 
Previous to the time of his death, Long- 
fellow had bred a number of mares. 
He was the sire of ten horses with 
Nonius ancestry that were in the stud 
at the time of outbreak of the 1938 
epizootic, and eight of these were af- 
fected. Sixteen of the other horses of 
Nonius breeding were sired by the stal- 
lion Shorty, and ten of these were af- 
fected. The other Nonius animals, all 
imported, were sired by several differ- 
ent stallions. 


Discussion 


From the foregoing facts it would 
appear that susceptibility to encepha- 
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lomyelitis virus of the western type re- 
sponsible for this outbreak is dominant 
to resistance, for the crossbred progeny 
from the Nonius stallions appeared 
about equally as susceptible as did the 
purebred Nonius of the same age 
groups. The reasons for the greater 
susceptibility of horses of Nonius an- 
cestry are not definitely known. Per- 
haps there has been some natural se- 
lection for resistance in the horses that 
have been native to America for some 
generations for there is evidence point- 
ing to the existence of virus-induced 
encephalomyelitis in this country for 
decades. The Nonius stock previous to 
its importation was not subjected to 
such selection for American-type en- 
cephalomyelitis virus is non-existent in 
Europe. 

If resistance were recessive, natural 
selection would be favorable to the de- 
velopment of resistant strains, but the 
failure of horses in different vicinities 
to be exposed to the disease might ex- 
plain the failure for the complete elim- 
ination of susceptibility from a stock. 
Whether there would be a differential 
selection between the eastern and west- 
ern type viruses is unknown. These 
data do not throw any light on this 
point because most of the horses in this 
stud were descendants of horses bred 
at this station or at other localities in 
the western part of the United States. 
Because of the limited data and the 
absence of critical tests designed to an- 
swer some of these specific questions, 
broad generalizations on the role of 
previous selection on resistance and 
susceptibiltiy, and on the dominance of 
susceptibility are unjustified. They do, 
however, point to the fact that a differ- 
ential resistance to encephalomyelitis 
exists in horses. 

The fact that such differences exist 
should be of considerable interest and 
importance to the epizodtiologist, for 
such differences might account for a 
considerable part of the variation in 
mortality that is encountered in differ- 
ent outbreaks of the disease. Differen- 
tial resistance of the type encountered 
here also might influence the response 
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to treatment with vaccines, though no 
evidence to this effect now exists. 

It is hoped that these observations 
may stimulate others of a similar na- 
ture, for it is largely from such obser- 
vations that a knowledge of the role of 
inheritance in relation to resistance or 
susceptibility to disease can be estab- 
lished in species such as the horse. 


Summary 

Statistically significant group differ- 
ences in resistance to encephalomyelitis 
that were observed in an epizootic oc- 
curring in 1938 in the stud of horses at 
the U. S. Range Livestock Experiment 
Station are reported. A greater per- 
centage of horses of Nonius breeding 
were affected than those of other breed- 
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ing. Among all yearlings 50.0 per cent 
of Nonius breeding were affected, 
whereas only 11.1 per cent of the 
yearlings of other breeding were af- 
fected. In the foals the corresponding 
percentages were 72.7 and 10.5. The 
differences observed were not attribut- 
able to the location of the horses on 
the station, their distribution being 
such that all groups had equal oppor- 
tunity to be exposed to the disease. 


The data confirm previously reported 
observations on age differences in re- 
sistance, the younger animals being the 
more susceptible. No differences in re- 
sistance were observed between males 
and females. Possible reasons for the 
differences observed are discussed. 
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